The apparent molar volumes, φ V , and viscosity B-coefficients, B, for nicotinic acid (NA) and benzoic acid (BA) in mixed solvents containing 10, 20, 30 mass % of n-amyl alcohol (n-AmOH) or isoamyl alcohol (i-AmOH) in methanol and in pure methanol (MeOH) were determined from the solution density and viscosity measurements at 298.15 K as function of concentrations of NA and BA. These results were, in conjunction with the results obtained in pure methanol, used to deduce the partial molar volumes of transfer, 0 V φ ∆ , and viscosity B-coefficients of transfer, ∆B, for NA and BA from methanol to different mixed methanol solvents, in order to rationalize various interactions in the ternary solutions. An increase in the transfer properties of NA and BA with increasing mass % of n-AmOH and i-AmOH in methanol was observed and explained by the effect of structural changes and preferential solvation. Also, the free energies of viscous flow, 
INTRODUCTION
Many enzymes require a non-protein co-factor for their catalytic activities. Vitamins are essential precursors for various co-enzymes. These co-enzymes are therefore required in almost all metabolic pathways. 1 Nicotinic acid (pyridine-3--carboxylic acid) is an essential micro-nutrient, a reactive moiety of the co-enzyme nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP). 2 NAD is involved in the catabolism of carbohydrates, fats, and proteins with simultaneous energy production. The NADP functions consist especially of anabolic processes of fatty acids and cholesterol synthesis. [3] [4] [5] Sometimes nicotinic acid is referred to as nothing more than vitamin PP (Pellagra Preventive), 2, 6, 7 since its deficiency in human diet causes pellagra.
Benzoic acid is a good adsorbing reagent for insulin 8, 9 and is used in medicine as a urinary antiseptic and in the vapor form for disinfecting bronchial tubes. 10 This acid also finds many important applications in the manufacture of alkyl resins, plasticizers and pharmaceuticals. 11 Volumetric properties of the binary or ternary mixtures have recently been studied extensively. In particular, much effort has gone into the determination of partial molar volumes at infinite dilution, as they are the key to solvation phenomena. Although there are studies on various properties of nicotinic acid (NA) 7, [12] [13] [14] [15] [16] [17] 20 and benzoic acid (BA) 9, [18] [19] [20] [21] [22] in the literature, studies on partial molar volumes and viscosities of these compounds in mixed solvent systems are still scarce. Hence in this study an attempt was made to study these properties for NA and BA in binary mixtures of methanol with n-amyl (n-AmOH) and isoamyl alcohol (i-AmOH) at 298.15 K to unravel the various interactions prevailing in the ternary systems under investigation.
EXPERIMENTAL
Nicotinic acid and benzoic acid were purchased from the Sigma Chemical Company, USA and used as received. Their purity as supplied by the vendor was 99 %. A. R. Grade methanol, n-amyl alcohol and isoamyl alcohol were purchased from Merck, India. The purity of the alcohols as given by the vendor was also 99 %. The purification of methanol was cited in an earlier paper. 23 Both n-AmOH and i-AmOH were dried with anhydrous K 2 CO 3 and fractionally distilled. The middle fraction was collected and kept free from humidity with 3 Å molecular sieves. 24 The physical properties of the different pure liquids and mixed methanol solvents are listed in Table I . Stock solutions of NA and BA in different mixed methanol solvents and in pure methanol were prepared by mass and the working solutions were prepared by mass dilution. The conversion of molality into molarity was accomplished using the experimental density values. Great care was taken in minimizing evaporation losses and preventing moisture pick-up. The uncertainty in the molarity of the nicotinamide solutions was evaluated to ±0.0001 mol dm -3 .
The densities were measured with an Ostwald-Sprengel type pycnometer having a bulb volume of 25 cm 3 and an internal diameter of the capillary of about 0.1 cm. The pycnometer was calibrated at 298.15 K with doubly distilled water and purified benzene. The pycnometer with the test solution was equilibrated in a water bath maintained at ±0.01 K of the desired temperature. The pycnometer was then removed from the thermostatic bath, properly dried, and weighed. The mass measurements accurate to ±0.01 mg were made on a digital electronic analytical balance (Mettler Toledo, AG 285, Switzerland). The total uncertainty in density was estimated to be ±0.0001 g cm -3 and that of the temperature ±0.01 K.
The viscosity was measured by means of a suspended Ubbelohde type viscometer, which had been thoroughly cleaned, dried and calibrated at 298.15 K with triply distilled water and purified methanol. It was filled with experimental liquid and placed vertically in a glass sided thermostat bath maintained constant to ±0.01 K. The efflux times of flow of the liquids were recorded with a stopwatch correct to ±0.1 s. The viscosity of a solution, η, is given by the
where k and L are viscometer constants and t and ρ are the efflux time of flow and the density of the experimental liquid, respectively. The uncertainty in the viscosity measurements was within ±0.003 mPa s. Details of the methods and techniques of density and viscosity measurements were described elsewhere. 25, 26 The experimental values of concentrations c, densities viscosities, and derived parameters of the studied ternary solutions at 298.15 K are reported in Table II . For the analysis of the solvation state of NA and BA in mixed methanol solvents and the interactions existing between different components in the studied solutions, the apparent molar volumes (φ V ) were determined from the solution densities using the following equation: 25, 27 value is, by definition, free from solute-solute interactions and therefore provides information regarding solute-co-solute interactions. 29 Alcohols are characterized by the presence of extensive intermolecular hydrogen bonding in the pure state, 31 as well as in their mixtures. However, the strength of hydrogen bonding depends on the position of the -OH group and molecular shape. Due to the branched structure of i-AmOH, intermolecular hydrogen bonding is less 32, 33 in i-AmOH + MeOH mixtures than in the n-AmOH + MeOH system. This fact may also be due to the order of the +I-effect: MeOH < n-AmOH < < i-AmOH and thereby decreasing the polarity of the alcoholic O-H bonds. This decreased polarity of the alcoholic O-H bonds decreases the degree of intermolecular hydrogen bonding in the mixtures but increases the solvation of the studied solutes, predominantly by hydrophobic-hydrophobic group interactions. 34 As can be seen from Table IV, the value of
is positive and increases monotonically with the amount of n-AmOH/i-AmOH in the ternary mixtures, indicating increased solute-solvents interactions in the mixed methanol solvents. Also, it is evident that this increasing trend is, on average, greater for the i-AmOH + methanol system than for the n-AmOH + methanol system. This suggests that NA and BA are preferentially more solvated by n-AmOH/i-AmOH than by methanol and the branched structure of i-AmOH renders it a more efficient solvent for the studied solutes. Also, the A perusal of Table V shows that the values of the A coefficient are generally negative for all the investigated solutions at the experimental temperature. These results indicate the presence of weak solute-solute interactions and that these interactions further decrease with increasing mass % of n-AmOH/i-AmOH in the solutions. The viscosity B-coefficient 36 reflects the effects of solute-solvent interactions on the solution viscosity. Table V illustrates that the values of the viscosity B-coefficient for selected solutes in the studied solvent systems are positive, thereby suggesting the presence of strong solute-solvent interactions and these interactions are further strengthened with increasing mass % of n-AmOH/i--AmOH in the ternary solutions.
The viscosity B-coefficients of transfer (∆B) from methanol to different mixed methanol solvents were determined using the relation: 29, 30 1242 ROY, SARKAR and SARKAR
The B ∆ values, shown in Table IV The viscosity data were also analyzed on the basis of the transition state theory of relative viscosity as suggested by Feakings et al. 37 µ for solutes with positive viscosity B-coefficients indicates stronger solute-solvent interactions, thereby suggesting that the formation of the transition state is accompanied by the rupture and distortion of the intermolecular forces in the solvent structure. 37 In the present study, the found relation and viscosity B-coefficient values for nicotinic acid and benzoic acid indicate the presence of strong solute-solvent interactions and these interactions are further strengthened at higher amount of n-AmOH/i-AmOH in the ternary solutions. Also, they were found to act as methanol-structure promoters and their solvation behavior towards the mixed alcoholic solvents were more or less similar to in nature.
